Abstract-Eco-Driving Technique for Electric Vehicle(EV) is investigated in this paper. Many works on EV were reported, however they did not deal with the eco-driving from the viewpoint of theoretical study. The authors have developed the EcoDriving technique based on the Dynamic Programming(DP). Optimal speed profile of an EV which minimizes amount of total energy consumption has been decided under fixed origin and destination, running time and track condition. DP algorithm can deal with such complicated condition and also can derive the optimal solution. Using the proposed method, simulations were implemented in some cases. Especially the author paid attention to the gradient road and simulated it. The optimization model was solved with MATLAB optimization toolbox.
I. INTRODUCTION
In recent years, social demands for global environmental protection such as reduction of greenhouse effect gases are growing. One of the most important assignment is reduction of total energy consumption in many kinds of environmental problems. In transport sector, there is no doubt that Electric Vehicle(EV) should play more principal role with its high efficiency in the near future [1] .
But it has shortcomings that mileage per charge of an EV is short. Although the high performance with battery can solve it, eco-driving technique is essential way. It is important to determine the way of Eco-driving technique.
Eco-driving technique for a conventional vehicle with an Internal Combustion Engine(ICE) was experimentally studied [2] . It proposed a soft driving, especially restriction of acceleration. The eco-driving technique can reduce the fuel consumption by 24%. Eco-driving assistance system for drivers has been already implemented in some commercial vehicles and reduce fuel consumption in real operation, although theoretical optimality is not always sufficient.
However, the eco-driving for the ICE vehicle cannot be applied to an EV because characteristics of the power-train efficiency is completely different and regenerative braking is available.
In this paper, the authors aim at clarifying the eco-driving technique for an EV by theoretical study. Many previous works on optimal control problems adopts the numerical technique of calculus of variations. These methods often meet some difficulties accounting for complicated actual vehicle running condition. Bellman's Dynamic Programming(DP) has substantial advantage at these points, which can directly deal with such difficult constraints of optimal control problem, except terminal boundary condition. There are several papers that deal with the energy-saving vehicle operation with a kind of optimization technique as seen in [3] - [5] , however they consider only the control of train. The authors have modified and re-implemented them for an EV. In particular, it is to optimize the speed profile of an EV to minimize the energy consumption under fixed running time and running distance between two points [3] . Fixing running time is one of the important condition because the sensitivity of running time to energy consumption is very high. The problem is formulated as an optimal control problem to find the most energy-saving speed profile. In this paper, some of practical conditions such as the gradients were assumed.
II. MATHEMATICAL FORMULATION OF THE EV OPERATION

A. motion equation of the EV
Let us define EV as the following equation [6] . The gradient is considered the running resistance R. The control input u is defined as Table I . In this regard, however, the force of the acceleration/deceleration change by the difference of the EV speed. The speed at which the upper bound of the constant torque area is shown is assumed to be v 0 . It is defined the following and shown in Fig.1 .
B. Objective function
The objective function is sum of energy consumption given as (8) .
C. transformation into multistage decision process
Generally, this conversion is accomplished by linearization and time-uniform discretization. It is also indispensable to divide objective state space into lattice.
In addition, DP needs to transform terminal boundary conditions to penalty function. When using penalty constant c 1 ,c 2 , the evaluation valueJ[{u k }] is given by (9) . N is number of division. There is a relation of (N − 1)Δt = T .
Next, we can obtain discretized linearized state equations as (10) using first-order Taylor expansion.
Finally We can obtain (11) using trapezoidal rule for approximation of integral.
III. DYNAMIC PROGRAMMING BASED OPTIMIZATION The Bellman's Dynamic Programming(DP) was employed for solving the optimal control problem [3] [4] [7] . It was proposed by Richard Bellman and is a kind of the optimal control problem. It was already used for the eco-driving analysis for a rail vehicle [8] . It can obtain global optimal control input and it can be reconfigured against disturbance easily. The DP is based on the following optimality principle.
An optimal policy has the property that whatever the initial state and initial decision are, the remaining decisions must constitute an optimal policy with regard to the state from the first decision. [9] From the principle, the acceleration/deceleration reference as a control input is optimized. When an EV runs around town, driving pattern varies according to road situation such as gradients DP process can be executed with a digital computer as the following steps. In general, conversion from optimal control problem into multistage decision process which DP algorithm can solve will enlarge the required amount of system memory and 
IV. NUMERICAL STUDY WITH SIMULATION
In this section, the optimal control input strongly depends on vertical profile of the load where the vehicle runs. The optimization model was solved with MATLAB optimization toolbox. Several vertical profiles with different gradients were assumed for the simulation. Specific parameters are tabulated in Table II . The track profiles are shown in Fig.4 and 5. Fig.6 , 7 and 8 show the results when the EV runs from up gradient to down gradient. On the other hand, Fig.9, 10 and 11 show the results when the EV runs from down gradient to up gradient. The value of energy consumption is shown Table. V and VI. The correspondence of lines color on the graph and each the results is shown in Table. IV.
From the results, the optimal speed profile of the vehicle could be solved by the DP based method. In the former case, the steeper the gradient is, the severer the control input is. Compared to Fig.6 and Fig.9 , it is understood that the input Fig.6 is intenser near 150m. Especially the energy consumption is intense in the up-gradient. In the latter case, TableVI shows that the heavier EV run the gradient, the more reduced the acceleration time and energy consumption. As seen in Fig.11 , the EV accelerated in the down-gradient section in order to shorten acceleration time, while it was coasting before the down-gradient.
V. CONCLUSIONS
The optimal control problem for minimizing energy consumption by an EV has been numerically solved with the proposed algorithm based on Bellman's Dynamic Programming in this paper. It can be applied to actual complicated running condition of a EV.
